Abstract. In order to develop the cement-based mortar protecting high performance concrete from spalling under tunnel fire, the influence of ordinary portland cement(PO) and high belite cement (HBC) on the SiO2 aerogel fireproof mortar performance was investigated. Using the volume method, the mortar mix proportion was designed, where the total volume of aerogel and sand was fixed to 60%, with a varying aerogel volume ratio of 0, 20, 40, 60 and 80%. The results indicated the PO aerogel mortar had compressive strength, flexural strength and water absorption of 12.8%, 41.8 % and 29.8% higher, and softening coefficient and thermal conductivity of 2.5% and 27.9% lower than HBC aerogel mortar.
Introduction
With the rapid growth of the national economy and the increasing tension of the land resources, many countries ease the land transportation pressure by means of accelerating the development of railway, highway, urban subway traffic and tunnels in particular [1] [2] . Nowadays, the tunnel is not only the channel of transportation, but also the key of power and fiber optic cable, water pipe and oil pipe. China has become the country possessing the largest number and fastest developing speed in tunnel. At the same time, that the tunnel fire accidents are frequently increasing year by year,which results in a large number of casualties and property losses and a serious political impact and trust crisis [3] [4] . Accordingly, safety problem of tunnel fire has become a major issue of concern to all sectors of the society. However, the fire protection of tunnel structure in china didn't start early until the middle of 1980s. Due to technical and economic conditions, only a handful of tunnels were sprayed with fire retardant coatings. Obviously, the protection of tunnel concrete structure against tunnel fire is fairly arduous. Aerogel has features of ultra light weight, high porosity, ultra thermal insulation making the material a great potential in thermal insulation [5] [6] [7] . Previous studies have indicated that the aerogel mortar has a very low thermal conductivity, which is an excellent flame retardant material. Kim [8] added SiO2 aerogel powder to the cement paste finding that when the mass of the SiO2 aerogel powder accounts for 2vol% of mortar volume, its thermal conductivity decreased to 75%. Wang Fei [9] replaced sand with SiO2 aerogel finding that the density, strength and thermal conductivity of SiO2 aerogel mortar decreased gradually with the increase of the replacement ratio of SiO2 aerogel.The research on aerogel mortar as tunnel high performance concrete fire retardant coating is very lacking. As one of the series of research results, this paper studied the influence of cement type on the performance of the high performance concrete-special fire retardant coating mortar.
Experimental

Raw Materials
In comparation, two kinds of cements were used to prepare the fireproof aerogel mortar preparation, which are ordinary portland cement 42.5 of Jiangsu Yangzi Cement Ltd, high belite cement 42.5 from Tangshan Beijixiong Cement Ltd, and silica fume of Changzhou Hutang Thermoelectricity Group Company was added to improve the bonding behavior of cement. Natural river sand with particle size o-4.75mm and commercial SiO 2 aerogel with particle size of 0.5-4mm produced by Guangdong Alison Ltd were considered as fine aggregate.
Polycarboxlate superplasticizer and dispersant from Shanghai Chen Qi Chemical Ltd were used to increase the workability. TiO2 from Shanghai Ling Feng Chemical Agent Ltd was used to extend the fire endurance. Modified polypropylene fiber from Shanghai Ying Jia Industrial Development Ltd was used to enhance strength of concrete.
Mix Proportion
Mix proportion design of the fireproof aerogel mortar follows the chinese standards GB/T20473-2006 [10] , The total volume of the aerogel and sand was fixed to 60%, where the aerogel accounted for 0, 20, 40, 60, 80vol%. The details of all mix proportions are listed in table 1 and 2. 
Sample Preparation
Fine aggregate, cementitious materials, additives were put into the mortar mixer stirring 3 minutes. Water reducer was used to control the consistency of mortar. The specimen size is 40mm×40mm×
160mm. The compressive strength, flexural strength, water absorption, softening coefficient and thermal conductivity were tested according to the chinese standards GB/T20473-2006 [10] and JGJ70-2009 [11] and at the age of 28 days.
Results and Discussion
Strength. As can be seen from table 3 and table 4 that both the compressive strength and flexural strength of PO aerogel mortar decreased dramatically with the increase of the aerogel content. When the aeregel volume content ranged from 0 to 80%, the compressive strength of PO aerogel mortar fell from 48.49MPa to 10.26MPa, with an average value of 9.5 MPa for erery 20 vol.% increase of areogel. The corresponding values of HBC aerogel mortar were 21.36MPa, 7.34MPa and 3.5MPa. A similar phenomenon appeared to the flexural strength, PO and HBC aerogel mortar had a decline about about 2.56MPa, 1.15 MPa for an increase of aerogel content of 20 vol.%. The addition of aerogel led to the decrecasing strength of mortar, this can be explained from two aspects. On the one hand, SiO 2 aerogel has a passive effect on the mortar because of low density, low strength and high porosity. On the other hand, due to the hydrophobic property of SiO 2 aerogel, the bond between water and cementing material is poor, which results in the decrease of the strength of the mortar. Compared to HBC aerogel mortar, PO aerogel mortar had higher strength at the age of 28 days, this is attritubed to more C 3 S content and less C 2 S content in PO than in HBC. The compressive strength of the mortar from the two kinds of cement exceeded the specified value of thermal insulation mortar 0.4MP in terms of China Code GB/T20473-2006 [10] . The water absorption at the age of 28 days of two kinds of mortars is exhibited in table 5. A slight increase in the water absorption with the increase of the aerogel content. When the aerogel volume content ranged from 0 to 80%, the water absorption of PO aerogel mortar increased from 6.2% to 19.4%, with an average value of 3.3% for erery 20 vol.% increase of aerogel. The corresponding values of HBC aerogel mortar were 4.5%, 16.7% and 3.1%. The water absorption of PO aerogel mortar is higher than that of HBC aerogel mortar. The reason is that the amount of cementitious materials of HBC aerogel mortar is more than that of PO aerogel mortar, which produces more Ca(OH) 2 by hydration reaction promoting the aerogel mortar to carry on the hydration reaction continuously. The micro cracks in the interior of the mortar are filled, which enhances the density of the mortar and reduces the water absorption of the specimens. Fig 3 also showed water absorption of two kinds of aerogel mortar increased gradually with the increase of aerogel content, this is because that the aerogel infiltrates into the interior of the mortar, which leads to more inhomogeneous pore structure and the increase of the water absorption. The test results of soften coefficient at the age of 28 days are shown in table 6. It can be observed that the soften coefficient of two types of mortars decreased with increasing the aerogel content. When the aerogel volume changed from 0 to 80%, the soften coefficient of PO aerogel mortar increased from 0.87 to 0.41, with an average value of 12% for erery 20 vol.% increase of areogel. The corresponding values of HBC aerogel mortar were0.92, 0.47 and 11%. The soften coefficient of PO aerogel mortar is higher than that of HBC aerogel mortar by comparation. The reason is that the amount of cementitious materials used in HBC aerogel mortar is higher than that of PO aerogel mortar, the more cementitious material is the more compact the aerogel is, which can reduce the softening effect of water on the interface of mortar to a certain degree. When the aerogel content ranged among 0-60 vol.%, the softening coefficient of the two kinds of aerogel mortars were greater than the minimum value of 0.5 in terms of China Code GB20473-2006 [10] , while the aerogel content is 80vol%, the soften coefficient of aerogel mortar did not meet the requirement of thermal insulation mortar. As a result, the biggest aerogel volume is 60%. Table 7 presents the results tested of thermal conductivity at the age of 28 days. The thermal conductivity of PO and HBC aerogel mortar decreased from 0.57, 0.5 to 0.35, 0.28, respectively, the thermal conductivity of PO aerogel mortar decreased by about 5.5% with an increase of 20% substitution rate of aerogel, which is the same as HBC aerogel mortar, The thermal conductivity of HBC aerogel mortar is higher than that of PO aerogel mortar due to more amount of cementitious materials. Aerogel has the advantages of light weight and excellent thermal insulation performance, which disperses in the aerogel mortar, significantly blocking the path of heat transmission with the increased amount of the aerogel. PO is more suitable for cement-based materials of aerogel fireproof mortar based on the thermal conductivity.
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Summary
The PO aerogel mortar had compressive strength, flexural strength and water absorption of 12.8%, 41.8 % and 29.8% higher, and softening coefficient and thermal conductivity of 2.5% and 27.9% lower than HBC aerogel mortar. The mechanical properties and water resistance of the aerogel mortar can meet the requirements of thermal insulation mortar, and the optimal replacement rate of the aerogel is 60% based on the soften coefficient.
Compared with the HBC, PO is more suitable for cement-based materials of aerogel fireproof mortar based on the thermal conductivity.
